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(57) Abstract 

PURPOSE: To provide data transferring metiod and 
device capable of improving Ihe performance of a 
distributed memory type parallel computer or the like by 
quickly transferring discontinuous data by hardware. 

CONSTITUTION: Loop standardization for the pattem of 
irregular and discorrtinuous data described by a DO loop 
of parallel processing language le exBcuted (step SI). 
When a parameter for specifying data to be transferred 
can be statically detdmnined. a compiler outputs a 
stride transfer pattem supported by hardware (step S4) 
to execute stride transfer by the hardware. When the 
parameter can not be statically determined, the compiler 
outputs an operation expreeslon and a transfer pattem 
generating oode (steps S6, S7) and a library driven at 
Ihe time of execution generates a stride transfar 
pattem to execute stride transfer by the hardware. 
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;U-7-(Dg^*S{4g(D^7&^^^i«^ (7*P-fe':;1f 1 - 1 ) 
i> t^7flLSCD;?^^:^i&SiS^ (7'P-fe':^1^l -3) 

<!f%efctci^*i^ C^a-fe^^ifi -2) icc-oc^r. X 
[0 0 5 4] ^P-z^^P^itOiiSIJ^Sli^c^^XTC^^^ 

U7^oc^>gJ3nrc^)SCiii^«. ItojgStt^i^iS^r 30 
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[0 05 5 ] ^?|Jx.«la5 0^a-'>'^';^^S^a (j. k) 
7&iC(DJi^&C^B^U. (2-4)S:CC<J:D starts = 1 
oopStarti = 2 i& 0 . loopEnct = 1 0 tlOV ( 5 - 
1) CCJ:0 Widths ^QiJ'i^o */cloopSthdec =2 
ifeOr . ( 6 ) ^(C J: 0 Count = 5 <!: ?S ^ , Si zei Stri 

de. « (1) s;i (3) s;tcj:D5R»6n. ^n^?ni 

i2 OtO^C^. 

[0 05 6]!^. u-ti)\^^mt'^^\r>(DV'U'ev'^ 
XDgaJSfig Start. ^P-->'^';^^S[fl[)^^^lJJf5SI^C 

S5. S6C7)ii^^C« Start, = 2 
[0 0 5 7] 07ti. ^o-^^0^^^a ( j . k)7!;^1f 

x\i^h. l5^p->'^v^^?g(Of^i^i^^<h^c€>;X7c;;:>^•!^^^ 

[0 05 8 ] HTiC^dl^rii, 1yD-^^';^^^a (j. 
k) ^S'&CD^'PiJ^^lf 1 - K 1-2. 1-3CCJ:0 
-O-f ^Xk<Z):/7f^CC-t^>f ^ y 7^CC^9J5nTC^ 
2>c k=l. 4. 7. lO<D^m\t'y'U'zy^\-\(0 
p^^y2- HC^S^Sn. k = 2, 5. StDg^^i^'P 
■fe'>lM -2©>^y 2-2tCftW3n. k = 3, 6. 
9cDS^ti:7'p-fe >-y* 1 -3(D^^y 2~3^ctS*fl$n 
rc^So k = 3ik = 4. k = 6(i:k=7. k 

= 9 <!: k = 1 oora^i-en-en^^sjiswoitsf i^c-or 
[0 05 9] yp'-/^';^^^;(;^1f ^'^y ^^^SiistiT 

C>^>i^. -?-C[)P--*JU^^-s<DXh7-r F^ei>'^•3^-- 
[0060] 
[^2] 



(8) 



13 

Size=eIeoaitSize 



GCDcs=GCD ( procNuBs , loopStride* ) 
LCMes=LCM ( procNuis , loopStridCe ) 
procNuic 



offset' 



0<n< 



GCDe 



(7) 
(8) 
(9) 

(10) 
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SUrtc^loopStarU+offsetXloQpStrideG 



(1 1) 



Strides = 



LCMcsX blocksizee 



StridBL 



Count - 



procNui« 

pnx:NuiiQ X loof^tride l X blockslzet 

GCDcs 
loopEnde - Starta +LCMcs 



LCMcs 



(12) 
(13) 
(14) 



procNurrv; = 3 . loopStri 
. (9) ^tCj:OGCDcs 

(10) ^(oniimmm 



[0 06 1 ] (7) - (1 4) ^CC4^C^r. (D- 

(s) ^vmi^>fci>(DtmcB^^t (1) - (6) s:i 
(1) s;ii^Dr&-2>o m^umiom^iit (7) siic 

<fc»5Size= 1 ttjiio 

[0 06 2 ] (8). (9)^Cc4dl>r. procNuiTt « 

OSfc?:^0v GCD ( procNumc , loopStridec ) \t p 
rocNurrb i loopStri de^ <Dg^43r*\)^. LCM ( procN 
urt , loopStridQ; ) \t procNunic i loopSthdeo <DMl 
f\yik{m^^^. GCDcs. LCMcsti(8). (9) 

[0 06 3 ] mi(D^^\t. 
dec =2r^^(Dr. (8) 
= K LCMc5 = 6 iJ^C^o 

offset^ { ) )H<DT-^%^mfctn(Om^m. 

(0 06 4 ]CCr{J. (10) ^(D{ 
tJO <n<2<l:^i:5<D-C. offset= 0 . 1. 2tUi. 
COtt. loopStart^ = 2^C©T. (11) SCtCjcO 
offset^SfiitCJtlSLr Startc =2,4. BiJ^cSo 
CtihO Startc (D&iit. ^tl^tl^ ^e^J 2 - 2 . 2- 

1, 2-3(>c^msrix\.^^:^i'v^ mm^^^->(D 
Ba*&fil[S«:S*iJ;UTC^6, L/cj&i-^r. starts t>^ikt 

[ 0 0 6 5 ] S/c. Sthdeg iStride^ « ( 1 2 ) S:i 
(1 3) ^tCir)5R*6n, *n^n2 0i3«:«:io 
(12) ^CD^i 2(7) LCMcs/ procNufrt {t. H^CDT^ 
P-fe yVO^^ •j±rOdo;l"-7'<D-r >f' ^XCDHPg 
^mbXi^^i, Stridec ©fflt^EI 6(D^n ^^^illCDig 
^i|5li;-C*S*^ Stride^ OfflUSScS. cn«. 
;it3:^^U2-2tc43l^r, Isiimfia (1. 2)CD{4 

S)&>6;xoiiii#{aa (1. 8) <D{ag*r(DA*$*^ 



20 mmcMm'rmm&&f)^b (2) <bb (s) r&o 

[006 6] (14) ^tCfeC^r ;&2(Da*Count 
©iiii-rSo Cn«. ( loopEnct- Startc + 1 ) / 

^Count tt^Ct^^C^m-^^. miOm^^CU. loo 
pEnO: ==10. Starts =2, 4. 6. LCMcs = 6 
(OV. (14) ^CCctO Starti: OSfflCCjifJ^brCoun 

t=^2. 2. 1 iJ^c^o cn^cDcount cDfBf^:. ^n-e 

n^^U2-2, 2-1. 2-3(CtStt$nTl^'Slsj^ 

[0 0 6 7]|E8ti. 9'^<Dy'0'\2yV(fCX^-^'<i:^V 

K^X. {/U-J^)l^mei (j. k) (j = l. 10. k 
= 1, 20)«. ::^n'fe5ri^i - 1^1 -90p^*»;2 
- 1 --2 - 9icif^ ^ y ^tc^wnsnr^sjfl^nrfc 

0. k=9ik=10. k= 1 8<!:k= 1 9(Dr^3?»5^n 

-2. 2-5. 2-8(^C^f)^tiX^m$tiX\.^6. 
40 [006 8 ] CCDiS^. (7) S:^CJ:OSize= ir* 

0. mtfKil^Wia (1.2)ia(1.5) (Dffl^ 
CC^tCSUrioopStridec = 3X^^o tfc. procNunv; 
= 9«cOr. (8). (9) ^CCj:OGCDcs = 3. L 
CMcs=9iJiSo 

[0 0 6 9 ] CCDi*. ( 1 0) ^J:Ooffset= 0. 

1, 2ttji^. loopStartc =2U(DX. ( 1 1 ) ^tC 
<fc 0 offsQMO^mcn^iL^LX Startc = 2 . 5 . % tU 

cneo startc o[)ffl«. -^-ti-en^ ^ U 2 - 2 . 

2-5. 2-8tCtSlfl5nri^SXh5^ KlKill^N'^- 

50 >(DBaj6(ii!tc*tiJ;;L/rc^-2». ffio^-tycc^feji^fi 



(9) 
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[ 0 0 7 0 ] ^ LT. blocksizec =10. loopEnct 
= 14tc©"C. ( 1 2) CCj:Ostridet = 1 OitcO, 

(14) SiCCcfcO Start<, O^fflCC^ffDLr Count = 
2. 2. 1 cneOCount (DfS«. ^E-ti^n^ 

^V2-2. 2-5. 2-8{c*gJw$nrc>steaimfij[ 

if^-r7o--^i""hr*o. 01 \ \tm=in(0'y'u^v 
[00 7 2 ] *Xife«l^c*5i^r. 
;<^^*fi5c;-r^ii^tjn>/Nw^tiiai 0(DjO:S^tf^>o 

[007 3] 09(C*5t^r*!iJl;O5ra*SSn5<b. 20 

04 (a) C7)J:0i^cCdo;U-7*li, 04 (b) . (c) (D 
[0 074] ;^{C. Xh^-r Keii>'^•5?->€:t^S■r6 

[0 07 b] )\y-y'^^y^-diiit. mmit^tltOV-Zf 
(OmMLS ( loopStartii , loopStart; ) . *^7(4B 

( loopEnct . loopEndt ) . ^ ^ > y ^ :^<Dm 
m (loopStridec . loopStridet ) ^ilUU. ^W'^^ 
-y^^v^-^\t. ( 1 ) - ( 1 4) S;tC*jt:fSelemen 
tSize V blocks tar U . blockEnct , blocksizesc . bl 
ocksiZGL . blockWidtIv . procNUnv: mi^to CO) 

[0 07 6] cn6(D>'^•^^-:$?CDffl:^in>M•-Y;^B$^C 
(X7^77^S2. YES) . V-::K'^U^yA(DtEmc 

-eux. ^p->'^'J^^»(D^>m^s^I^;l;r (i ) 

(14)^{CJ:0. ^^3il/c^^•^-^-:>CDffl:0>e>X h 

y^ mm^<^->itfnLxtiititi> (:^tv':^s 
4) . c(D<b*isiii*cc, m^ti':rQ^vV(om^i^i> 
mtjt^. 50 
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[007 7 ] ^X^. y'tt^'yM.m^imi^CZb'y'^ 

[0078]Xh^-r K»^•^-->^:it»^'2)/c^^tC 

(X'r-7:7'S 2. NO) . ( 1) ( 1 4) CC^ 
«>(Xf 7:/S6). -eUT. 7*Di/7Aj|tf0*tCXh 

[0 07 9 ]-:^. 02CDa^JimtS>';^rA(Cj:^7* 
:^l£j^CcM-^t- ^ :7* p -fe ^ 1f t J :3 > ^ cDHi;^ L /c 
^^h. cmcj:^. xh^-r Kr-^^iKiitS^J&^T^'- 
[008 0] */c. V'U^vI.m^m^mW'^^-ly^ 

'ii^. 01 ICCM^T. ^r!^^»gJ'J:>'^••5'^--^^4;^Xb 
(Xr':.>^S2 1) . ^Uu^'yM-'^^nmtX^X 

^>f:/5 V^P?CXaj*r (Xf'>7'S2 2) o 
[0 0 8 1 ] 7"n^^A;!)^6P?J>'l±J5ni^c^>r:^^';t3: 

01 2cc^-rMs*if ^, 01 2cc*3i^r. 

•r& (Xf ';^7*S3 1) 0 CO<t^|5]B$CC, JtioT^):?- 

Ff^i^^^•^->*x h^w' F-r-^fii^^^Cc-^xS 
(X7*':/7*S3 2) o cnccj:0, X h -7 Fr-^K 

[0 08 2] ::iyj^A'yifi:^V'7'< Ffsi^>'^•^-><D4 

^?:tft)^cl^ii^^. 01 OOm^^'U^. 01 OtCfc 

^ (x-f 1 2) o ^ur. ;^ FiSi^^'^- 
>^^fi£■r-5l£i^>'^•^->4^p-F^l±l:^Lr (xx 
7>^s I 3) . ffla*»7*rSo 
[0 0 8 3 ] -':^f. mM^^^-:^^^^- FjOHin* 

<!:. l?tT8#cr):7^o^^A«01 1 (D7 P--tc 0/c;&^o 

S2 1). ;>:cc. ^^U/c^g^ft>'^•^-->^^•^^-^?<i:3 

^yy'Ji:\^V^m (Xf 7:/S22) o 
(0 0 8 4) P?vm3ti/c7>f :/'7»;«01 207 P-- 
CCL/c:^^oT. -^x6tx/c>'>*^^-^?i ( 1 ) ( 1 
4) S(DX FlK^^^*^-•>?Sg^S;^:fflC^TX^^ 
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h•»^•^^->*it»■r^. (;<f--;'7-S 3 1 ) . > 

[0 08 5] ca^m-^. 7 'j*S'i:>S!ix h -7 K 

|g2l-'>-f->?IIStS?r4fiSL/-C*>J:<. tit, ibiyifiC 
[0086] 10 

[0 08 7] CtiViXn. ti£*7-oy7V*i}g5£Ujj£t:f 

[iaffi®fsi«^^3iiiQ] 

[S 1 ] ^^m(r)WMmrchi>. 
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: [S3] HiSWOCteWS;^ ->«rmf 

[04] Jlte«^{ctewSdo;u-7"©-{Wj&^TE|-c* 
[05] ll^gt«J«:te^^*i'o-■'^•;^^^S<Dx FIk 

[09] iiifi0ijcc*5t^.2.3>y\v^ccj:aMa©7D- 

[010] IISIWcteWi3>>'W7(cj:^ffiil©7D 

+ (^©2) -CiS. 
[011] lli5iWc*jC:f-57'D^7A«:j:S*!ffii©7P 

[012] SIJfiWcteWS7-r7'^y«:j:S*!ia©7P 



1- 1.2. • • • . N 

2- 1.2. • • • . N 

3 ^vVJ-f 

5-1.2. • • • . N 



[01] 

» g» <Z> OH 39 1 



m 



STl 
[/8T2 



I 



ST< 



[05] 
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o 



l: 



S in 



Mi 

I 
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>5s 



10] 



I 



I 



Sll 
1/S12 



1/SI3 



(11) 



!^igqi8-30 56 9 



[03] 
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14] 



do i=l. 5 

b{i+l)=a(l. 2*i) 



do i{=2, 10, 2 

= a < 1 . I c ) 



end do 

do ii=2, 6 

b C i L ) = 

eoddo 




[07] 



IT 



J 

a 



1- 3 

2- 3 
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rat; 



J 

>>> 



2-2- 
1-2- 



6-2- 

B-2^ 

Z-2^ 

9-2 

S-2" 

tr-2' 

2-2 
1-2 



6-2- 
8-2- g 



Z-2- 

9-2- 

S-2 

fr-2 

E-2i 

2-2 

1-2 



V 



[gll 1] 



[^12] 



I 



^S21 
/S22 



7'fr7'jKJ;§M®7a-^t-h 



/S32 



(13) 



-30569 




S3^ 
S4 



M 



I 



S5. 
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